Abstract
Introduction
During the last two decades a majority of PC-oriented software using different algorithms for analysis of evolutionary relationships among nucleotide sequences and construction of phylogenetic dendrograms reflecting a degree of sequence divergence was developed (Felsenstein, 1990; Luettke, 1992; Kumar et al., 1993; Zharkikh et a!., 1991) . But all these classical methods of tree reconstruction are based on direct summing of the total number of differences between two sequences. As a result, planar dichotomic trees are reconstructed, in which parallel and reverse mutations may be hard to distinguish.
In this paper we introduce a software package which performs analysis of nucleotide sequences using the method of statistical geometry in sequence space (Eigen et al., 1988 (Eigen et al., , 1989 (Eigen et al., ,1990a . This method allows one to split the overall distance into relative distance segments and check the uniformity of substitution probabilities along the sequence. Statistical nature of the method (analysis of all possible quartets of sequences under study) permits to calibrate a divergence of even very 'ancient' sequences with a high degree of randomization. The package also performs a computer simulation of parallel and tree-like sequence evolution with user-defined parameters. The results of the simulation can be subsequently used to characterize the stage of sequence divergence by a comparison of the model curves with the data for real sequence sets. Our package works with data format used in software package for phylogenetic analysis VOSTORG (Zharkikh et al., 1991) and may be used as an independent tool for estimation of the reliability of trees reconstructed with the use of this or any other package for phylogenetic analysis.
System requirements
All programs were written in Turbo C 2.0 (Copyright by Borland International, Inc.). The package can be run on any IBM/PC compatible computer with DOS 3.3 or higher, a hard disk and 640 K of conventional memory. Graphic output requires EGA/VGA monitor and Epsoncompatible dot-matrix printer. The package takes approximately 1 M of disk space. Main service module GEOMETRY supports Microsoft-compatible mouse with corresponding driver.
Implementation
The package consists of independent modules, each performing certain functions. The service program GEO-METRY facilitates the interface with these modules. The main window of GEOMETRY consists of a menu where operations are grouped from top to bottom in the order corresponding to the main steps of sequence analysis. After a choice of one of these operations an interface window for a specified program appears, where user can select or create necessary input files and parameters and run the required module. Each program writes the output data into the file with a user-defined name. Subsequently the data is used for the further steps of sequence analysis. We now briefly illustrate the use of the package by the below examples.
The work starts from a set of properly aligned sequences for which a conventional tree has been reconstructed. After that one can estimate the geometry of average quartet for the set by means of COUNTA program or divide sequences into four groups according to relationships revealed by the tree and then calculate with the use of COUNTI program the geometry of average quartet for these subsets. In the case of binary space the programs analyse only one type of substitutions: either transitions or transversions. In the case of quaternary space the programs assign the same statistical weight to all types of nucleotide substitutions. Graphic output of the binary space diagrams is performed by DRAWGEO program. Relative size of the distance segments will show the basic type of divergence, the degree of randomization, and an extent to which parallel and reverse mutations blur the tree topology. Figure la shows the tree reconstructed for the set of eubacterial 16S rRNA sequences (Neefs et ai, 1990) using UPGMA method (Sneath and Sokal, 1973) . One can see a good clustering of four groups (alpha, beta, gamma and delta). However, the geometry of average quartet calculated for the above subsets and shown on Figure which means that the authentic branching order in the shaded part of the tree can not be reliably reconstructed.
At the next steps user can construct a consensus sequence for a given set (module BCONSENS) and estimate positional variability using the consensus as a so-called 'master sequence'. This function is performed by VARIAB program, which calculates a number of deviations from the master sequence for every position in alignment. In binary case the program treats the transversions only; in quaternary case it treats all types of substitutions with user-defined weights for transitions and transversions. Program VCHART provides graphic output of a histogram demonstrating a distribution of variability (Fig. 2) .
After that, knowing the type of sequence divergence and the results of positional analysis, the user can choose the parameters for computer simulation. Simulation of both parallel and tree-like divergence starts from an initial userdefined master sequence. In the case of parallel divergence this sequence at the first step produces a given number of copies, which then evolve independently of each other accumulating random substitutions. In the case of treelike divergence the master sequence evolves according to a specified tree structure until a given topology is achieved. The advantage of these models is that the user can specify the classes of positions with different replacement rates.
When simulating, the average distance segments (BdOBd2 for binary space and QdO-Qd4 for quaternary space) characterizing the geometry of quartet combinations are calculated and plotted as a function of a number of accepted point mutations (PAM). For the /-th step of computer simulation, PAM/ = S,/n (S ; = total number of substitutions per sequence at i-th step, n = size of sequences). Thus, for each PAM value we have a unique combination of the distance segments on the graph. Therefore, using the results of simulation one may deduce a definite distance in terms of PAM s for any two sequence sets under study. Assessment of this distance is performed by GEOPLOT program, which also allows one to convert the distance from PAMs to millions of years assuming that the sequences evolve at nearly equal rates.
The user can repeat the simulation with the same parameters as many times as neccessary, and the results will be automatically saved in the files and then averaged by GEOPLOT program to obtain smoother model curves. Figure 3 shows graphic results of the simulation of a parallel divergence for a set of 30 sequences, 200 nucleotides long each. Three types of positions were specified: constant (60), variable (100) and hyper-variable (40). The simulation was repeated three times. On the curves we superimposed the BdO-Bd2 values (binary space, transversions) for two sets of mouse (Mus musculus) and rat (Rattus norvegicus) B2-like repeats (Bains and Temple-Smith, 1989) . As closing remarks, we would like to point out some advantages and shortcomings of the package:
1. The method used in the package allows one to estimate the degree of sequence randomization and mutation pattern along the sequences and to calibrate the time of divergence. The limitation of the method is the fact that it deals with quartets only. 2. We developed a highly integrated program environment for step-by-step sequence analysis. Main file formats are fully compatible with the ones used in the package for phylogenetic analysis VOSTORG and no intermediate conversion is necessary. 3.Certain types of tree topology when used in the computer simulation of tree-like sequence divergence may result in a few peaks on the model curves. This may cause some difficulties while superimposing the data for real sequence sets on the curves because of a few possible variants. 4. Analysis of all possible sequence quartets provides a sensitive assignment of the type of divergence. We designed a highly optimized algorithm, but processing of large sets may take a few hours on slow machines due to tremendous number of combinations.
